Imitating nature's mechanisms offers enormous potential for the improvement of our lives and the tools we use. This field of the study and imitation of, and inspiration from, nature's methods, designs and processes is known as biomimetics. Artificial muscles, i.e. electroactive polymers (EAPs), are one of the emerging technologies enabling biomimetics. Polymers that can be stimulated to change shape or size have been known for many years. The activation mechanisms of such polymers include electrical, chemical, pneumatic, optical and magnetic. Electrical excitation is one of the most attractive stimulators able to produce elastic deformation in polymers. The convenience and practicality of electrical stimulation and the continual improvement in capabilities make EAP materials some of the most attractive among activatable polymers (Bar-Cohen Y (ed) 2004 Electroactive Polymer (EAP) Actuators as Artificial Muscles-Reality, Potential and Challenges 2nd edn, vol PM136 (Bellingham, WA: SPIE Press) pp 1-765). As polymers, EAP materials offer many appealing characteristics that include low weight, fracture tolerance and pliability. Furthermore, they can be configured into almost any conceivable shape and their properties can be tailored to suit a broad range of requirements. These capabilities and the significant change of shape or size under electrical stimulation while being able to endure many cycles of actuation are inspiring many potential possibilities for EAP materials among engineers and scientists in many different disciplines. Practitioners in biomimetics are particularly excited about these materials since they can be used to mimic the movements of animals and insects. Potentially, mechanisms actuated by EAPs will enable engineers to create devices previously imaginable only in science fiction.
For many years EAP materials received relatively little attention due to their poor actuation capability and the small number of available materials. In the last fifteen years, a series of new materials have emerged that exhibit large displacement in response to electrical stimulation. This capability is making them highly attractive as actuators for their operational similarity to biological muscles, particularly their resilience, quiet operation, damage tolerance and ability to induce large actuation strains (stretching, contracting or bending). The application of these materials as actuators involves multi-disciplines including materials, electromechanics, chemistry, computers and electronics. Even though the force of actuation of existing EAP materials and their robustness requires further improvement, there has already been a series of reported successes in the development of EAP-actuated mechanisms. Using EAP to replace existing actuators may be a difficult challenge and therefore it is highly desirable to identify a niche application where EAP materials would not need to compete with existing technologies.
EAP materials can be divided into two major groups based on their activation mechanism: ionic or electronic. Electronic EAPs, such as electrostrictive, electrostatic, piezoelectric and ferroelectric, are driven by Coulomb forces. These types of EAP material can be made to hold the induced displacement while activated under a DC voltage, allowing them to be considered for robotic applications. These materials have high mechanical energy density and they can be operated in air with no major constraints. However, electronic EAPs require high activation fields (>10 V/µm) that are close to the breakdown level. In contrast to electronic EAPs, ionic EAPs are materials that involve the transport of ions and they consist of two electrodes and an electrolyte. The activation of ionic EAPs can be achieved by voltages as low as 1-2 volts. Examples of ionic EAPs include gels, polymer-metal composites, conducting polymers and carbon nanotubes. Their disadvantages are a need to maintain wetness and their low electromechanical coupling.
Turning EAP materials into actuators-of-choice requires a well established infrastructure. This involves improving the understanding of the basic principles that drive the various EAP materials. It is also necessary to develop a comprehensive material science, as well as effective electro-mechanics analytical tools and material processing techniques. Efforts are underway to study the parameters that control EAP electro-activation force and deformation and many successes have been reported. The processes of synthesizing, fabricating, electroding, shaping and handling are being refined to maximize the actuation capability and robustness of EAP materials. Methods of reliably characterizing the response of these materials are being developed and efforts are being made to establish a database with documented material properties in order to support design engineers who are considering the use of these materials.
Grand challenge for the development of EAP-actuated robotics.
The technology of artificial muscles is still in its emerging stages but the increased resources, growing number of investigators conducting research related to EAP, and improved collaboration among developers, users and sponsors are leading to rapid advances in this field. In 1999, in an effort to promote worldwide development towards the realization of the potential of EAP materials, Yoseph Bar-Cohen posed an arm-wrestling challenge (http://ndeaa.jpl.nasa.gov/nasa-nde/ lommas/eap/EAP-armwrestling.htm). A graphic rendering of this challenge is illustrated in the above figure. In posing this challenge, he is seeking to see an EAP-activated robotic arm win against a human in a wrestling match in order to provide a gauge of the level of advances in the development of these materials. Success in wrestling against humans will enable capabilities that are currently considered impossible. It would allow applying EAP materials to improve many aspects of our life where some of the possibilities include effective implants and prosthetics, active clothing and realistic biologically inspired robots, as well as fabricating products with unmatched capabilities and dexterity. The first arm-wrestling match against a human (a 17 year-old female high school student) was held on 7 March 2005 as part of the EAP-in-Action session of SPIE's EAPAD conference. Three robotic arms participated in the contest and the girl won against all these arms. Subsequent contests are now focusing on measuring the performance of the robotic arms compared to the student performance that was recorded in the 2006 contest. In a future conference, once advances in developing such arms reach a sufficiently high level, a professional wrestler will be invited for the next human/machine wrestling match. This issue of the journal is dedicated to publishing recent research advances in the field of EAPs and is the first such dedicated issue ever to be published. The included papers cover the whole spectrum of elements considered critical to the development of the EAP technology infrastructure. The issue ends with a paper from the research group at EMPA describing their work on one of the first three arms that participated in the first historical arm-wrestling match. In the coming year the editors are hoping to see a significant growth in the amount of research and related publications addressing the many challenges that this field still poses.
